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REPORT No. 684

STATIC THRUST AND POWER CHARACTERISTICS OF SIX FULL-SCALE PROPELLERS
It' EI)WI 1' . IIAIITIAN Sold 1I* l 151 11MMAN

SUMMARY material giv~en inl referesaee 2. ailthaouagh it fulfills it

&ratwr thrust amd Inotmr intastire entsv wrre riat totx purJpast' admirably, lucks tllse consjsleteiies.,. tilt- corre-

full-scae jsroosoiulerxisrie .,)ressilfro Wire noIWuntI ;1 lsitioii. and11 thle precision necessary for a differenitial
ffSkt ebauei-es4si~~naes iece~i, use l~l~ ,~ staiv tof propeller characteristics. Other uaseful, but

of1at grn lai nft;ttt ag rr 7 t,~ soiawitit incomnplete. static-thrust dlata are giveii ill

850 at 0.7511. The text r;y vivox lisiittel ssutedsurme ands the r uefe trene oft: eromne hr.ersiso

mintes' fissd isrrsidioe 4eIliEI;i.ti propellers art' clarified through tile use of tile sigle-

point methaod dleveloped by Lock (reference 4). bly inacs
Airf(usd chatrateiis crst.. jttifroms lihe stfchc of which test dlat for at propeller obtained ill at wind

data, by II.. eruesge-jsmnt ,nrtleod deirtiooed (I by Lock, wre l tumanel call easily be coniverted to airfoil coefllwieiat
reeaxidorvbbi dife re id (rino thlu irfo;l characte rstics e i (,aaal()rprsnig h rpllr irutga

Mase Ib ' . ofd (,)rpeetgtepoele.Truhi
pulite (a f ron een I-i cite .s f/e h Keto e seliotr mnodificaino k's inetlioti IDriggs (rcfereulev5
and naecelle. lils dlevelop~ed all alternlative anletliot havinig lIXK~illt(

The tt met. ideesore v it eir-keid eiratsses ,i xstie thsrlimt lslulitaiges. over Lock's inetliod. Miotha inthlcl iiplv
and parr r ssejlrie lots test isot s ped jr the rang upqi! bloodi, that the( airfoil characteristics representing thle propeller
eaples. fresus #ibissi ' Its 17 1. )11rvspetiefr iet1ill... Illay bel obotaiiied frin either wind-tunmel or staitic-test
a7 aidei xert~sitmss ie/eeth /e !lreeiteit eJfict of fesnprox.H;- d,*tt tile san coe'fhicients lpinig obtaisied inl either c-ase.
bility ande a porupeller wthl NV. .1. C. .A1. 24MN-3.; so r;t x Tile thleory inodicates thaut static thrust andt torquie

ae~ie~ia hese v th le~t ffet. 1 iroh li r ~t/ iiarne aeauremtetst of a propeller, ob~tainedI oil it sitpe ou t-

blade, Aehul miusch loess efect it( ceshnpreoaxlity thani ea dooir test rig. call be conivertedl into airfoil coefficients
similaher poruiler writh ea blaed stf noeinal idth. and then reconverted into propeller datla representinig

aill conditions (of Vi~ l) blade anigle. andt solidity. A
1NTUPL'tIIONfew simple static-thruist tests would thea comceivaly

lie a substitute for a long series of expensive, winis-tsamsal
Tme static tihrust woaol torque oif at full-scale propeller teSt.

itla thrust slid tile torille alt V, to/)= P) are difficult to it is tile purpose of this report to present static-
obi ins a wield tunamel becauose the paropeller itse'lf thrust and static-power data, for a group (o propellers
createst a cotusidera bh air velocxity Ill"uusgl thle tuiiiul-I. a'.isag muodern plotn forsass, to be used:
('onditioas of 7.eris Vaam. thaere'fore. iiever reachsed itt (t) For practical purjnsees such ats estimalsttig taike-
tioili wiiid-t iint'l propt'iler test . ofr d istaances.

Static thrust mtid tongu at.aeasuinetts of propellers. (1 Tou show thle- effects oif varintiois ill tilt slied.
if properly saterpretst I. asasy giv ieiii le-rs Mde itaforma- airfoil sett im~i. isac solid ity t en t ilt- stiatic
tioha regarding lte flight gxerforenaiits of tilt- lisroeliers. c'httracteristics of liropelleus siml4 t44 pilnt oti's
Siucha ntsussstion ents are esimwiaaliv usefuli for stiadYitg the imiplicat nsa of thmese' static' t'fr-t ill con-5
tilt effect of comnpressibil ity and44 slse for compriii g asect iouii wit i tilt' fI igli t 1x'rfearmvte of tilt,
proplellers with ciiffereaat sairfovil sectioiaas. pdai foriaas. psropl'lers.
anad moidities. GOTo clieck the mtethiotd of Loc(k swill I riggs noid

Static thrust4 is taftent used iii tomke-off cailcula tions it (let erminie th1'eg qulasit tv (if tilt- suisiti st l

anad is a buasic piaroameter ill lDiela's take-tiff foritilau of stti it ests for witild-tutidu test-
treferetiet' I -. To favilitmle tlt, use' (if his foransslis, This ri-port is tiltshill it lof 5) series pIfl'vttitur thet
I itild Ions toile-ted at imauss tof stuat ic-thIraist (fatuS. wich'I re'sults tif tilt extetisiv'e rtscian pre grsl llk lf fish -I-cs1Vc

art' maostl 'v extrampoltated dauta from wiaad-tsioei ts. propel4 lerts thtat lialts loeeii iia progres!s sit lte-w N. A. (C. A.
for a fairly large groop (of propellers (refereuico 2). The I, tiin the passt 2 years.-

11IN'6L S ,E
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APPARATUS AND METHODS . Propelles.-Tme blade-fona curves for tiae six

Test rig.-Tme test rig wits Itacated outdoors well ipropellers Lesledl are givena in figure 3. Other basic
eleam of any bauildinags or objects that inight have aaa elaarcacteristics of thme propellers are given in tile follow-
appreciable influence onl the air flow through~ t pro inai tablc.-
pelier. A phlotogrraphl of ltce test set-up is shlown isa
figure 1. A sinajplified sketch shonwinag bow tlae tharust .4 A'fmeuiE.. Nostri. r I oar".- aiae.e.g

was aaaecmsaretl is given in figure 2. Tite rectaangualar dro ta4 W.MIW1

framje ulnaia whmich the n''mginec is iounittd ia. suppaorted *

at its forward rnlee'acrs baa h~ heasrings tansd at tileo rear 110e 1:

%,. A,4 A UlUV.a.?hf

31 *A4' 1, K. A .

-Arme, AirCf l '' a rtito," fnt ,ed

Thce propellers, except 317-3647. hanve p~lanm formns rept-
re't4'cting tntoden designi wnd have idlentical ratios of
baude width andi thaickuness. Propeller 37-3(147 is tla
sante a,4 propeller W86-116 isa everY respect except
that its blude-widith ratio is 50t perrocat greater. Pro-
peller 66023-11 was designaed tto inisairize thae bad effects
of conpresitibilit, tile N. A. C'. A. 24041-34 series air-
foil section used fear the aouter haalf beinag less affete

Fi. ilI I I'r'0. r :.. imm rI..es. ,,14 1-1 fir

ona knaife edige,; hiiiiiima oll t~me' tlarast-se't plat fora.
Tile thlruast 4if Ih lag o~l :0'egr It-itil ts rocIil(k thlea in' cl

forosarel aboiaemtIlag' hlaeali-e ariag ivolE itinl'ie thea
load oni thlei I lmrets wa iv. hg I Iarea iS thlena (4111a11 1(1
time raaa Sge ill ii st --vileaEl riaag tiiag thIe ratIio, tf //

thei oiaagaag' ataraa i I h. lie lia~.rmis'lliv t lg' sli im-/
at reant. of time111' i. i. I lag' strit-. zato aill m lie'~jrg' re'gist eredi
fila tlt' se'aml u4~ eE it a a'im. niniposeii fir e~fl thraast.

line, nacelle, and dynaznmeter.- 'a e'agi:it. -------

lag'- aaate'll. thlae strait", wil ricIlag' smbltirt insg frni'cre 11 ac
snane at"& asg'el for 11mg' %. inag-tamacel test,, rec'iaed in refer- Yak 111~g'kcg anmheehl'm~eage~wdvn

ence' fi. Theg laroeblle"r wenr'- in, vea lay am t',NI-hatrat'-
lower ('mart isiA 'elae ren agimew ( ;I V. 57(1* enclosedl by compressibility thsan tile tasi propeller sections.
is aemin n eeel' l'e'ac eaellc' efi rivyal (rt),s setioam. fle airfopil sect ioais recpresenaticng tilae 0.70)1 statihon for
T iac maell' %#1a4 121; i aaolae's ila ienigt Ia s i mae'lac' isa i-ilha tile propeller,, tet'st o tre shaown ia figuire 4. TIme' X. A.
anmd 4:1 in, 4iaels hemaighI't . Thec eaaoale cm"- niatame E' ill C . A. 4400 series sect icamas of p~ropeller 66;23 It exteatlI
to raaelle' fn't' toa reimlg' aelmiei fia l t m mxis. fimlioag sidle ear 11Ia. oly 4 tale 0.54)11 stat icama bunt for puiarfsss cif t'oaa p re-
enmgine,' pcaraalile I IN' pilm e 1pt'er-c ixi-. rig othemr siele "tasm thea 4401) serie's sect main. fa shtown ill ligmn 4. lams at

f tile crimlie' reste lm iteemaca tatI trcaamscmi IttI~ til' ciaorel anti a thlicknless represenaticag th la0(.70? at ationl.
teareltat feare' let tie' pla Ifearmif car "'a ii ushlown m ilm Teats.- 1Ie prolllll were teste ctharouighaa i blde-

angle ranage fronaa - 71.0 to 350. Itatervals oaf 2'..' were



STATIC THRUST ANtD POWERt CRAIIACMKISTICK (IF SIX FtLLP.('ALE, PkOPPK.LLI(3

S taken front 1 to 200O al jnterviaa, of -P fmimm 2010 to1 faill-glsrottle pronqwll.r sloped foor list- lmiiwi biuin'
P. 5 Redingp were taken at into. aim of alproxi. atmgle.t

Teit were mom4imii till du~v. %oet list- A sol we ia weD~ ~ ~ ~ waso, YAom or chlja. ot 14, U'n A cainor Ied mori1imeme
waau, ed~ te, aaaeaaere tile % imd velcmemty.

RENULTS AND DISCUSSION

I *~ 37~4'rTime reulti tan- exprevioetl its tent" cof tihe upgmam Ito,-

b0 A0- T ladler coefficieeat4 delited mot follow,':

ri 3thrsi cefflicient.

.07uer i4 Wherel
~~~.p~T { j ..L T-.11) effe. ire tlaruit. liomandst.

.06 4m/ oI 4 WA- T tenoion its propseller midt, pourud..
.1) cliange in drag oaf body tite to ilotretena. Isunms.

.- M. to to Inlam denittv of air. i4fiags; per eambir foot.
- -----.-- -*- -. it prolteller sloped4. rev'oltionsii~ per mwondt~.

04 16 - ----.- *..8 1) propseller diumnter. feet.
pID ,@/'enine plower. fimltloumdti per ieeiotai.

03 /P- 6 ( IthIer coeiimi- stoo 114 .v makhl timd ins tipe 111-1ki sin-

delioird aits fllows':

('.=LqS lift coefficient.]ll~iR~E13LD!98 dru oit.ec~lmil

o 3 4 5 .6 7 8 D 0r 1 ' tl, pounds~i.
r/R t, (IVnamic pIWlre. lootinds ll' r 14(piure fool.

01. sit 3 ft. qa. P w moirliubItm-o. am lka N= Sl. An.: 37S arets. atqamiere feet.
* it. *omhmw N. nu ibm oplop..P, OWN"m remie.. . I .m g1i.4A

.11 ratiot of tipl itpoeo tit sweeI cof Pound.

Char, Yacwmn~prp.Ier ~g~gr ottatioma radius~.
Clar Y tectson prpellr S -9 fmliII4 to tie til.Z Z I ~ feffectiveimnosae'elijdragtoewfivient.

R A F 6 sectio. propeller NM6-R6 si. ngle of attsiek with renpectl tot relativo, wind~
where tie relative wind~ ii' time v4'"14sr .1111
of tile rutatiauwl. tile forwaar.I. iml tist- iti

~Z Z Z L1141W velemitie.
?4ACA.2400-34 farng.ouater b&Vc propeller 660-11

I1AM* SATA

~:iiiiiiiiiiiiiiiiii~i~~.Te hn,'ie shifts ibtaineil in time te'$t- titn' lirpm!4eol is,
MI A C A 4400 aarws. inner halt ot propeller 860- figuire 5To W It where, for each propselltif, riirvv of (",

Fol-as 4-Plmemib, U84 "Mussieum. Kip 411 1111 914f t and C', are plotled againiot .11. hitchm or time rie"- ina
itimelsE figunre.' iq time amiersge (if 4'ciele carves. tolsiail

ammtly 2414) 11)1mm thrmoughm a rammge of popieller smgweil, frontm repeatted tcit.; oin i( im ne h iamil' inle N illl
fmont 1410 to I.5NK) rpne for time lower bladE'ale mtmod voErfl'4ti4)fl fomr windm uc% 4'l'namile whiea ne'esimr.
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Weed of tip speed.- The. curves in lsure.. A its 1; TImi" relotioat it.Iirala.. shotl. fawe Oy rt~ tA1. .4 elsa
ohmw the Vanialim o4 oitalicthnuat andl alla-power ruo C, r.. ia U~ p Unit et lonemr shrwawro go-
rewfirsne' *jb ils g appreol. Tie. Pffert of - uprti-e site tip sopeesul inurews. I. ratio. C, . gna. hsA...
bilty is onuv natwcubfr in thse raomp ol' ladse anoi" -eer. he WmiNd a. figure of ourrit fore "Motporgsm wn-
(non 5' gt's I'.~ Alu.nr siw tel alaoITV- 16'),1Wf I*Beftlea olos4tt tip apa#4i.
6 ano noosissaat estersItime coon he uswwiboit nin rmpwu... Ciompmeems of Up..speed oeew. Vitimn. It, amos-
"Iin msit rouaser .4 sill uwe4' "ues. 19 usibo the raics WI, ,4 4I plo.t~b~less eson%,~t

'Wissuw k hurlls611 thwetwliral *n&I riopernaawnil. else . simstorvsl rosin. At few else I . nisrlf ~ . inm s.
iuetirt ho slite r1 .une* "a~m else *tell moiskI be %IlAwWuu (no". 31-u-3. else run.. poor dsewul' flit
eapero In. r gvmalsaaly wills inamswu liltsaprel po I tsape boom in C ,.fear esdwr .. l.,. to( 31 111i
Sosta P1wsqwsl of u'asse i nmuie~e in the laral fln
anwussl tw hil. lipp.. At 116i. ain. a ,Jsawk uotior~.--.---.-~---.

wasl (amis a&&I the tlsat rwlihest umafl logisn ii
Ohltooe. else .hwn-,tew in tharums breseuMinr ormor o%
ese tip sln iourremonl anwl a- nowor .4f te prugwl-r
Made he aros, inountel in Isail sir apw-sir air ohpm.
The pelsl 1e' U -en1 s rmi.' I esalsit 11w hs, . allhesugl
onily tpwlss ..Mtt 146 *pgWmr. In iste 1wp %ofj 4tho l
thrmutirewflieueIs rne-. too Wooi- re-arse-s te emut.

A Crrv * ise f tr 1wmay in %hirls - utpooseashilitq- - ..

afrow pnAesgllr pwdrfsae r- a ltsel ky frea ...- . .

tgshe prsgUrr nwlRWieslssairfis n o fisto In
a awrheai sat he osrosroaml latert Thio emovera'a ha..I .-

baen owieb low else 2.hlasle pnqtAiht Assoo No -we oft
10 IfsI s1w nowfli*Ns. 1". Vs.. 1 ands Isas boor low Cw~AeP1CV.

Pistoed oif- egss'lse1 slp"Wesl Miss. 11 its Ilgun- 17.-
The romomprowe'ilsio stall 1. sbet;.It so. low l"Mool
muww- star proalgo-ls egnweliswosl lagin. II itaqaoo flu-

Thle peaok .4t else flo-s Wfeis rucne is -~al lgll 4 .

kd Visd tk.1 psuiL The. sr In-ups in ilorrs).Ivg

hun~i Ia lil ftl shebtl cosmpat the MaN.k~ lo w its-' - 4-

prqgfil drueg is sluseuI hie proiel oewl that theW tip C .b#
.gam l u, "1 .11) noS hirese 41 nuwsiaily mtall
nrw 'Kin mull ees laV4y~ eon the pusupeurr air"ul 0"I
er-tun awlels le 1ft I ewffpe~n The fedhusanu ,,4teiut
iseliemlim 1W ingipiwws- she movolonw.4hifmily'stl *441 .6 ' PO a-b. .d.mA 0* O...N" ~60WeleSWd adk 4

o ro~pmeai*she nagolioe uit rpowsombi4 an-siftee ft. m00"~ ..wb41un. of A"dwu esusbi "a W~ 4" W 1a

eI Oh, assel &la Srk AW gnasanl saleess aer~ Womhi1 M "I n trf. 7. 9, 1h1m.- utl un.~~'. t 1;1 elsai

"S 1 1 MuI I kr r " 10uie 4 411.f 1" Moe- ' pnu uu lr- t e t, , c o.m t al' r ur m th 11w it u u~ -m i th va v w Kf I t T 1 a
IIW*I" Awaciris" 4 1W onsirl" WI06. o wew al. who tehsalow Ie"- viorliael silk low K A-. 6i

varvw sish lse "Wbty Wolawpa or -W~lhm Fre. gutloerS23 Watmuthth.-" hv 4. p -41 t

I , tolfttionok ft e d sft Te rtwiwv a etw RINI e. tha mrolor ewuf I Sict h N 'As V, AeE 3

progwller on psheries* lsate.-throw im lraw"s nleIr- in.. .4 to eto& h got half , qm lfrrgulle.ta

shb.- luimit.s#I she 1 Iwls of thnosi puowslmnI to clor..- al f oeetb inre %0 .ta

psi,., qusplil. i. V-. T. 1'. I mleuiiasrtl, fl.f 11wt -sh h-mi pangieri pgaefal ore less aole-a-tty ve nou

of men-il. *whirI hsaw ememias. routinei he1, r-4il hw ewnstslpseubv lse11 244amoe pmgssalsl milk the eV-s
hT lo roo,44shethorisa- on e f o C C lsm g4 tes 2Jdasie jenaga-Ih 1 37. mil%-U". mllor"s's
by~ ~ ~ ~ ~ ~ ~ ~ ~~~~i how.w 41wsasesi.ms ~~lt-l ei. an K A- V as srigma. .40earol li efIs s$4

her-ames-ol o M %h I ~nolnqIIs 1

meIt n-l test. ewprwrlal n n4ewve 7. *es- Ise

T. CI onoomubr a.-'um Mo~li'svsdsil tortuesv er.se reilit%
P all RINIl plan logme. iw. bld--misilh rootit



R s. MO--XAYIONAL ADvOiUT CuMrrnT FOR AS.ROAMS

Pub-

, f'romf stlUa t

. . ... .. . . ... ' - ' - l -.---.: - : V]

-A S4 1 '0. ........ .... ......

8" - -

,i ... .

"-" " "" . . ,o ..... ...

. . . . . ... . .. , 1 ,, o. e- ! -' W q. . I 1I .I.'

00-0

t , O ,oe a, 0 ?SR .Ok*q

•F . Al .a

___ IrmSa, ef

0,, . . .. - . . . . . ,.

S O- , . -

---- . .. . 'O .. . . * .. . . .. . . $ . . . . ...-

#o . .. ' . - i- - --

S. .
. .6 3 C2

-v4 u I ,-- -p-.- / . ..... . . . . .



suIA'1 'I'1iRUTt.I AND I) I( Ia't citIA-uA'IkU~'IIt' Eir six FuwI.I,-aI.K, m't(IPEIALEUs

c C from s tatic tesls 10C, frm s/atic tests

.3Ce - .-ie C, - tlie

I a--,

. .. . ./ . . . 1 -

CC

06 CC

084 . . .0 -. .- .-

06 ..- - .- - . .-

04-a Aq/ a .0. . .e ./d .nl at . 04 .

'V'

I 7 -- II'_ ,0

26-.. F .46
o~ro stti testsaIctet

.r tunnela
.~ oc tunel~Cp. . aC

.2--

. . 16

4. 14.. . . . . / --

LI.... ...... s.-.-C,--

.08 .46i.~.

.. 08

02--.'- A~~~02
0 v- 0

5 '0! t /5 ? ?530 35 -5 0 _;/ - f -J
8/odde angle at 0. 75B de~g B/ode angle at 0 75R ad-q

55I I ' Irr,.- s. - 1,. 5 -d i, ,i, .. sr.--t '";%5 ImI it er, 1 .15 11. 1 P. t. 1: t V-. CintIs r~s,r.im i St 2-1 d, W ,, ' ,I1,,r ;c, :0.1 r 5 54Tsr I .. .54



~~I) NttolIr 'Na). uISI- NATIONAL AN)VIWO)tY COMNI'rrEE FOR AEROaNAUTICS

WORKING CHARTS iwhere Q is the engie torque. Most engines likely to bie

Method of presentation-Interesting and useful used witli fixed-pitch propellers will have approximately

charts fare produce'ad by plotting static-thrulst, fial constant torque (full-power torque) through the taike-ofi'
state-)awer oefla'ieatsfor ivel hI)specl ida the flying riunge,; thuls, with the cialculatead vilute of

s~atc-pwercoelivent fai ifgivn tll peel lgins a'tgalle t orq(' land tha' design (liinulei', ft( a effect ivea
Madesi n i forill siiiill to the n e 'used ill Ill.(- st atic. thruist (-fill be reaadjilv ci culateal.

sentilig aiirfoil coeiafficients. Tilt- caieflia'iants, air( well
iiala tl~t to tis forila of pre'sen tat ion aind its faa iiuililaitv(O)trlI l 'is l -jea i~p'i~,i ea
italdis to th lidea'rstail li lit hiilitY of ti aa' di tat. Fiagures 20 ''~ s aint a uinflit-tli N , p aw, Iah nil eia'an air r 'itt 1)i -oil
to 25 tire plots oif this kind for tie( six propellers operitt- lirgletaka-fti i

1
ii'(f('C.fo1'i )NI

ing ait at till speed (if one-half1 tile speed of sondl myb i ~eliitl b aiadfo iir' 4 o2
(.1 0.). li' r~l 0 (~ ,.,caduit e friiit ie aaied correctedl toa design till spaeed I s be'fore. Tite effective

cuirves, Ilaas iilsaa been plot teda in thle figures. istaicN( t Iarus is then'i cadi laitvI froia tIlie iare'vioiasly
G> T nfl

Comparison with airfoil curves.-The ga'neral sliaapa' given relation weefl h em xetT
of acurvea's ill igra's 20) toa 25 is ve'ry siilza r (ii thaiit aof thle . , -; weellNietrs'xpt ,

aaralixasiiv aii'-fail 4cairva's Aif 1',. ainal ( ,, aigainist single aif As t ieit(, gsifi a'aa laara'ia \evre aahataiina'a with Ii
at aiak. 4 )ia'nal i'a'ahla'ahifara'iaa' s taat Iia'( ~* 'iave aaaaelle alilia', fail iira'ieiit of thlruist shlda a lit- adaeducetaa

a'arrespoiaIli i lilt', a vi'~a iii aaifaail-a'aia'vaielit 1
loats, is niau stiigt t harough tilt, auiastalla'ah i-Iaaaga' aif faiiti'aaaauoa lastia''aii iiteara i

-~ ~ ~ ~ ~ ~ ilt ai- ' i I))-011If the( airpiplle, oithaer thaial tlie nacvelle, tltat lie, ill
hilla' Aigdes, it, sloiia' a eacreaases If-.'i' T~ iP~'aci'l I Aa' slipstremi. This facataor is, hoawever, partliy aaiaipeia-

ProiaaalvI a' alot ii)~ liit Nealai) fir l iO~li~' i satedl for by thea filet thait there were five stnats tandl
viariat iaai af If a' *wiN il blia'e ingle is ti lii thle p1aial ahstri- ,eeilwrsi i etst-ptIa'a a f~bcilk

iulatiaon chiange, with bile single, a., uIly be obsaerved inl svn ie ntets etutedi-o hclk

figre . Asinihi soid ~i-ll~if~v rlatd pienmn lii tht oif tilie aacelle, regist eread on the( thlrust laihiance its

figre 1. sniilar atl iiaiiaaalvrelitel liat pia l af tlaa' 1(1141 a'efetive thrlist.
exists, ill% wilil-I 11iiii10 ta','N Alf proia'le' hai' h ti
aif ji m ick a(of tit' (a Ia'tl M th 0 ai. 751a' st ii Nia ii((ai*' 1i11i slt a- CaOMPI'~SONS

iaaal I. i- a'ilalata'a frailit \ Iaa' q ~Ala'af 1' 4) fai. Zeroi As the' siaa'ea ofail iiilaina ina'ia'asa' firaii zaroai at flin'
thrst, i a'a'sa' ith I411i lhila'aiga -a beig.lginnaing of tile taike-ai th ia toa its iiaxinina vailuea, thit'

aTif vl'ia'aiIvas ili figiaa'a's 24) toi 25 iniaea floait tilta, shill Atigles of attaaa'k af thei prpliNin'r hiludae sec'tiaons ii'a'('lion-
of thi propellaer is oa aaiia'w lIe ass severe tit flia' stall aif iiiulyIl decretasing. TIn'- airfoiil secti fiat 0.75R?, fair

at a'auiava'e itai I i 16fa ail . This iaec'ilianity is, of a'oursa', extanapi)c, will linv e ilati single of attaick tha t adecreatses
priaiairily aduie to the' fia't tlnit tia' entire proipeller hlaida' frot, slay, 200 ait tile beginning of the take-off nut to
aloes nait st al Ilt tiha' salliaa' la'~l lanal ailso No tilie fiiet thati Iaahout. 00 fit high speed. It aparlleis, t herefore, thiat the(
tle airfaiil seactiaons used inl tit ha ;ra Ielle'r izaberentl Y perforiamee of af propueller' through its Ilgh t rainge stffi3v

hae iil hiiig, c'hiiraa'N ilis herpeetd qaiaieyft least, ky its static per-

Comparison with wind-tunnel data.- Eiicli of flia' foriaaaace through thle riage (if Mlade aiigles frot aiout
presaent praipealla'r, a hia'a be n asta'a oil tila' sitia' a'Nagiia' 5 0 tai .5 0 1it 0.751 R. A comparnison oif tin' staitic
final nstla''ea iii fl it- 24i-faiat w~ind tuinneal . lii' a'omailirisaii, a'oaflia'ieaits, t ha roala tI Iis hi a e-aingla' naage, of two hira -
tlei vililiiis aof slilii i thrIit i'NNzlad staiN ii paiuv'i aiht iiia'a bY I -'l(r% -i qulid sail idit w~illI giv i' fatfiiv groa I tlitiuti a'

extra pi latn t i lt-N a wiiia -N iai(' tests toi I~nf 0 i.~ liii Ve inaliit hat aof t heir ra'lat ive flighit performancei~s. ie
hae'a plaotte aia iitirias 21) to 251. Theii ext N'ilI ialit a'a w~ifla - filauwing a'aiNipa risaits, wltic'l ar( sliowia in figu raes 24; Ila
I aiiiiaa'lNast point I ii ia. ill va'Nia'i'ti I, ('ss 'ga li'tlitl 11 214 I, Nver' Inide with theiasa' ialaits in indm.

statNia'-ta'Nlaii Iioi ho i~i' a. till- till s~ aa'aaI fill' tIill, wilia- Propellers with 2 and 3 blades-- TIhea staiN ia-n c tIfaia'ii

tutiiil tatsli'vaie'd sligiNl 'Ii. v'irva's fair thae 2-bidea wll tlia' 1i-iibal' iii'apelar
Use of working charts.- Figuralas I.1 111 111 it l, as %all s6t'S 9 fare' shown in figo Na' 246. As maighat ha' expec'tea'a,

a. ligiira's 2(l Iii 257, i ra' aconisiadeara'a toi ha' wairkitig a'liiits tiha' 2-Iilaala propllel'ilt. biasa higher \alila aif (' .ill

fraiii th ese' tigiia 'as tilit' staut ia' N Ihiist final theia stat ii Pow~er th e untiala'a rangea' ilthligh, in ile 4 sNtalle rla inge, tiha'
fair till a vif flit- pi'aipa'lla'is testa'a i niy ha' aobtinedaaa. F~air :Miliae proipeller is slightly biet tear. -Thea gra'ii a- inathai
tixea I-pitc al hraihella'rs. tila' vii aia's a if ("f, ( '., fin~al I (Yr(, vela'it t v of tilie I-bhaala' praopealla'r lairgely ac'ounats fair

aiiv lie- pic'ke'a If ait'at th de'a asigni lial ha'inigle'. Thiasae aatil aaf life.,a' phenaiina. Tilta' t hnsh caieflicia'aNt (',,

viluie farea faii 1i ti spaea' Iaif aaiia'-lail f tiha' spea'e' Iaif saoliil if fil ha' 3-hla Ia' pi'opa'lil'i il tn hjstaill a'aInaga' is naot
ainal iiv Iii' v'arri'a't aaINt Ilio- adasigns tip) speed'a by 1ii1) ,i vinag .10 perce'ant aI'a'aita'n Itiliil tha' thar'ist a'auaflia'i'iit o''~af
n faictaoi aitiiiia'a fr'aini liavras Is alal III, TI.a oiht'af tilt' 2-biaai'hnit ia'oplle'r' fair 'xiiiipia'. til ha'iitiai ( ',.
G'' ('r c'arra'ateaad fii'- tipl spiae'ad io lia ' a'aie l a'i't d' It Na t( a t 114' age l 0 o- fVIII o .2Ilile III
fallooliw i still a'aiflaieit foiriim:ta iaaeatga i i lasi ala'afN.2Niti''Nla

Ih' iuahiva 1.5) t111N iliia possiblv ha' a'xpa'a'a'a. Thai-
a' , ''P1111f 'lT111 'p) T d11aiff'are'naca is ail-Aai ahiii 1ai thei gratera' thalw a'huii. '\ af

P''. lpit' P 2vna4 2jrQ tlit' 3-bhla'e propller'.
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It should be pointed out that the comparison shown speed and take-off performance although, for reasons
in figure 26 is not of a practical nature because the two given earlier, the high-speed condition should probably
propellers compared have different power-absorption be given the greater consideration.
characteristics. CONVERSION OF PROPELLER COEFFICIENTS INTO

Propellers with Clark Y and R. A. F. 6 airfoil see- AIRFOIL CHARACTERISTICS
tions-Figure 27 shows the static coefficients for the
3-blade propellers with Clark Y and R. A. F. 6 airfoil One purpose of this report, as mentioned in tie
sections ipropellers 5868-9 and 5868-116). These introduction, was to examine the single-point method of

curves substantiate a fact that has long been known; obtaining airfoil characteristics (('L, C,, and a) front

namely, at low tip speeds, the R. A. F. 6 section is propeller data with especial regard to its use with the

better than the Clark Y section at high angles of attack present static propeller data. It was also the purpose

but, owing to higher profile drag, is poorer at low angles of this report to determine with what degree of accuracy

of attack. From these curves of static coefficients, it wind-tunnel-test data on propellers might be replaced

(an be readily predicted that a propeller with an by static propeller data, more easily and cheaply ob-

It. A. F. t section will have a lower peak efficiency than tainel, that had been converted to wind-tunnel data"
one with am Clark Y section; and, in the take-off range, (data for range of V/al) values) by the single-point

tip-speed effects being neglected, a propeller with an method. The method has been applied in a few cases

It. A. F. i; section will have a higher efficiency than a to N. A. C. A. wind-tunnel data for propellers and to

propeller with a Clark Y section, provided that tie the present static propeller data.

propellers are identical in iall respects except section. Description of method.-The single-point method as

It should be mentioned that the higer take-off described in references 4 and 5 is founded on the simpli-

efficiency of the propeller with an It. A. F. 6 section fying assumption that the differential thrust and torque

applies mainly to fixed-pitch propellers operating at coefficients, dCrd(2 ) and d('qd('), when plotted

low tip speeds. When the performances of controllable against T' produce curves which are semiellipses.

prolwlh'rs having ('lark Y and It. A. F. I airfoil sections iranting this assumption, the total thnast and the total

are compared on the basis of constant Cr, it will be torque coefficients are merely the product of v4 and

noted (see fig. 271 that, owing to its higher power the value of the differential coefficients at -'7=0.5. The

absorption alt high blade angles, tie blades of trite station representing the whole propeller is thus found

propeller with a Clark Y section will operate at a at r1=(r/R)*=0.5, or a'=r/R--o.707 and is, for con-

lower blade angle than those of the propeller with an venience, taken as the station at 0.701. Conversely,

It. A. F. 6 section; anti, since ('rCp rapidly increases with the differential thrust and torque coefficients for the

a decrease in blade angle, tme difference between the 0.70R station may be easily obtained if the total thrust

values of the Crf(,' ratios for the two propellers may andi torque coefficients are known from propeller tests.
he much reduced. Tile serios effects of compress%- With values of Cr, Cp, I'/ D, and blade angle,
bility (n the performn e of tiee R. A. F. 6 section, as obtained from wind-tunnel tests. the differential thrust
indicated in figures o and 19, also work to tie dis- and torque coefficients for tile 0.70R station are easily

advantage of the propeller of It. A. F. 6 section in the obtained and are then. by simple geometric relations,

take-off range. When all factors tire taken into con- converted to lift and drag coefficients for the 0.70R

sidention, it controllable propeller of R. A. F. ; section station. If, for any one blade angle, the calculations

will have very little, if tiny, advantage over a control- are repeated for values of CT and C obtained at, a

lable propeller of Clark Y section in tile tike-off range. series of values of V' nD in time operating range, a polar

Propellers having the same aolidity.-The ratio curve of CL against C0) for the 0.701 station. which is

('T(',. for groups of prolliers having the same solidity assumed to represent the whole propeller, may be
(ratio of blde area to disk are) is plotted against blade plotted. The process is slightly different where static

angle in figuare 2S saad against power coefficient, in data are used since, in that case, V/nOl)=O. The

figure 211. polar curve may be obtained, however, by using the

The values of (,r'Cp were plotted against both blade values of (r and (' at a series of blade angles from

angle and (',. for convenience in comparing fixed-pitch about -51 to 350 at 0.75R.
and controllhile-pitcli propellers; in such cases, blade The development of the method is carried further by

angle and ('. tire, respectively, fundamental design introducing factors representing the induced velocity

factors. anti Goldstein's correction factor for a finite number of

little di.wcussion of the figures is necessary except to blades. In this manner, (', is broken down into its

note that, in general, the propellers which are best in components. (',,, and ('1,.: the, angle of attack of tie

tie range of blade angles and (' representing take-off section. a., is also obtained. The coeflicients G. and
are pooraest in tihe range representing higl-speed flight. C(I, reveal certain fundamental claracteristics of the
Apparently, a compromise must be struck between high- propeller and may be used as a basis of comparison.



STATIC THRUST AND POWER CHARACTERISTICS OF SIX FULL-S8CALE PROPELLERS 1

It. is impli ,ed in re'fi-reiiees 4 sold 5 that lt-e polars Of C'L .3 -4

against ( 1,, silotila I)( lt- samne for static or %vind- 4- 1~ '91.d.
tunntel data anid for all solidit jes; andi blade angles.

Airfoil polar curves from propeller datio.-Figires 30o .3Z -. ore -: .tsts *1
and 31i show tile polar,. for- tite 2- andl the 3-blade pro- - -- 5t

peiliers 5808X 1) ecidntoed bky the siiigle-point method. .e - -------

Tile cIIlcIationql w~ere 111041e from tile present static- ___.1

thrust data fid also front thle wiiid-tiinel-test data of

It is observedl t hat I Iii' 1)41114 fronti wiid-It unnel tests -

sit thle thbree dliffriien ihide1141 angles are not ident ical, .2 -- J----- - l
as i lie t heory indic jates t hey shlould be. The( polars for ----- 1

ie( 15* and tilt- 2.50 I dnde- angles fire- prot W scoe c0 .

in; could lot exp-ctedl Nut the ipolar for tile 350 boods- ./6 -

saingle is sepiarat Ied front t it, othlers by it fairly large
aniounht. Ftirther, the( pohirs obtlifinvd front ti14' static I
tests (10 not coincide Wili l a of tie( polairs front tile
wilil-tu11nne tests. -II. i

Possible causes of discrepancies in polars.-Althougu 049 -- -

II( 11' ingle-p4)ilit IiI 0li e is based'( offi the4 assui~n 1I --

thaut lt-e curve's of differentijail thlriist andui powe4r co0---
eflieitints are ('ilipsu s wheii 111011 cli against t- . ti(- 0
mnethod apP4'iiIm to1 iilIhI' riisoiiiilY well to eases wh4're -

ilI(' curvoes vary voiiider'abI d froml ellipse's. ( ;enialh
ins such 'i545 list- vaii o i'4f lilt- (Ii fereni jil thlrust find( 0 .1? .4 .6 C, .8 /.0 1. /4

jN)1v4r coIeliffiinIs fot lilt- sinigle replren iat ive stat jin .l.ki

(0.701R) is appirolximiately'I, 1111 I not1 4'xiIl -y. ef4giiil to1t114' I"I fit a-iIae wwilfr wh~ v

totial thrusst 611pw4r'twiit lii4 by or;4.
There are sevi-ral r4'1154111 why these poolairs 414 not .36-~

C~lnfirlt thle tlii'iiry. 111111 is, Why lilt- curves are not all 4.I.J 4 K'e
identical. stil1 most (if litre4'~n 4'l54)in5 to111 factors that JJJ4 Jj
render tbc assimiplimils of the( siiigh'-point method not lunnel Iet I

! i __ _ . . 25
whlyjii lilt'. Two tohe re'iisoiis that appl 'y to --- 33

hmoth ptatie-14'st finul wind-lu~nnel-t4'st Isohars mxay-14 be Stt/c

sltted BAs follows: -{1-:

1. Tiff theory striE'tlv appl~ies (only to propfellers -7 !
withouiit loodhi4'.1wi (of mifi-(* li trulst rather than 4 --

aoct ial Propeller I hrt~ mlid. ill aoIdi 11411. tit(' intIer- -F---

fe'rence of ti14' 151413'nyten to'1 Iinake tt single'.poilit e

aIstitlifitloll tirelist 111' --

2. The( proifIie'r frot which lDriggs (re'ferenIce' 5) 9- I

obtaned lte le0 411111%1 to just ify' the siligh.-ointasun flmi1-- f I
linWell it tit(- proit'ihi'rs 'for Whlich lilt il Inlodloss

prove'd m0 su014'4f1 il (in Griff BIiii il di ifers ill Wa,I-I
shank sima lm front ft,- jropl4l4'r% of fla4v pre'sentI tests. " It
The present prope'llers hisiv' long, cylindrical. drag- - I
producing shanks (fig. 31. whra.110te po(ler .-4-~ .

ilefltion10( ha ve re('iel :4I3 y bin a irfoil sec4tin e0154xte'ndinlg L
nealy to lilt- hubls. T'III (ilrlr('nev i adell~4 shut i will -

liiv xine ilhlE'('14 Ioil tilt' d iriast- and14 the4 Iorquei4-41i51ri- .0--4

Ano4t her reai wh% a lYtil e-tst po4111 i shold no4) co4-I
ii'114 Will i lilt' lli I-t fill 4'I-t fist iohoi rs and14 Illso Whyi 0 .2 4 6 '0 I.7 /4

life' 1)011104 illitiieiI l from nl4-tlitltel te'sts tit ditereut
h~~~~~~~bahli' ~ ~ ~ ~ ~ ~ ~ ~ ~ I'll-V3 auge"ii 1(1aguu i huII11'1111I1 ugl':! .ngr~n fit INOIir 101118911 't., .01~.411,WI Ic'I-111.1 Irnis'
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therefore tile pitch distribution (swe fig. 3) are continu. points of the polar% cailculatedi front windi-tunnel-test
ously varying front point to point in the static polar; (lats on tile arrangement designated spinner I in ref-
whereas, in any particular windl-tunnel-test polar, tile erence 6i. A inean line has been drawn through tme
blade angle mand tile pitch distribution remamin constant. points for the three blade angles. Inasmumchbt las o
Thle varying pitch distribution probably accounts for static tests with a spinner were mmmde, the static mand
aome of thme curv atture in time static-test CaL curve shmown time wind-tunnel-test pohairs, with spinner, cannot he
in figure 32. compared. Tme stiatic pohirs front figures 30 and 31i

Thme difference between ft- airfoil coefficients ob- (without spinner) tire shmown amgainm in figure 313 fair comim-
tained fromt static lantd frotm wind -tutilnel tests mmmlv tilso paitsom. Tlmeoreticmlly, tlat- two static polmirs shmouldl
be due to time fact thmat thme flow mroumtd time prolmeller in coinidite.
tile static conditioni diffe'rs cotisidlermbly frot time flow Figure 33 indlicates thamt time, single-point ietliod of
that exists whmenm time- propeller is nmovintg or is ini it wind- propeller analysis can be used fairly smccessfitly for
tuinnel hitstremli. Ilit time stittic condition, time, propieller wind-tunnel tests of iodern propeilers p~rovided thamt

.0time- hub andl time cvlindlricml blmde siitks mire covered
- '.-r----r-'~ iii ~ 4 0  by a spinner. Thme propeller sliinks should hmave it

- sitailer effect on at radial engine whmere they aire siieldedl
deg.

2I~i~fI~I1I.36 by time enginme. Where only dtiit "withoumt spinner"
?5ire ivilamible for it propeller operating itt front of mm liquid-

-Static 3z cooled-engine nacelle, is in time preentr tAesta, time effect

- -- -- -- of mm spinner mtay lie obtaiumed by adding an increnment
ofthrust to iccoaumit for thme tlrmig of time ]tilb anti thme

slmmnks. Neglecting time effect of inflow velocity, which
for this pairpose shotild be perinissible, thme incremetnt of

-- 24 I thmnms will vary with V44i) in ft- following immnner:
CA 111))=LiU whmere k is it constamit time imagnituide

to_ - 0 of whmichm depends upon thme propeller #imn( thme nmcelle.
Al_ C, Time- value oif k foir time prompellers land thme mimcelle oif tIme-

+ itout0.00105 for 3-Imimde propellers. It is clear from

- ~ ~ ~ 1 i -- __ thme preceding relatiomi thamt, for samtic tests, ACr=O and
A? so, in figure 33, the( wind-turnnel-test points "with

- -~ I ~ spinner*' mil time stitic-test polars "withmout spinner"
.4- 08 mtreconmpairable'.

...~ ~ I L. - I Proper use for single-point method applied to
Istatic-test data.-- Tme coise for thme static-test polar%

- -4- ..L.....~ mppears, front figure 331, still to lxt- unfmavormable amthligim
C ~4O J~ [Jj~ Ithme degree of mceutimcy mammy tw- sufficient for some filar-

4 0 4 18 ZO d? p oses. Thme wind-tunnel-tesat molmmrs foir time 2- ammad time,
el. 41"g3-himide p~ropellers umore ntmemrlv coincidie thmam do time

Viaiti .12 - (iom;.umin of lift and' dirng .,.ttkwnm,. ,tniiwl Imm in ol-14,,,Igmn l mn
,liui,' ,.,~ li ~.li~i Iwc*Ifr ~mstamic-test pohlars for thme 2- mind time 3-blade propeihers.

Tiis situmitioti indicamies thmat Gioldstein's correctiomn fmac-
tips are workitmg itn mm stronig voirtex~ tliat tetmil it re~ct tor for mm finite tnuitmber of blades tmyvunot apply so well
time effective hishect rimtio of tbme propieller mmtmd ilso, ;s'r- to stamtic tests is it doeits to windil-titei tests.
limps, its imiixiim thrust . Thmis fact immmv miccoumnt for Tme present dmtm weeill to indliclmte tlmmt mairfoil coeffi-
time lesser slpe of time, stmatic lift curve iii figure :32 amndi cients obtained by time single-point inetliotl frotm stitic
also for ti' lower immximtui vuiites air time. staitic lift tests cannot lie converted into witid-tumntel propeller
coefficients iii figures 30( to 32. coefficients with tany high degree' tiottcmrrcy. It ap-

Propeller polars for nacelle with spinners.-- WhIeat lieam thamt time field oif uisefulietts of thme staitic-test polar
all time reaisonis why ftim s4imge-iioimt iethioa shoumld not is rmtlmer in mmaking quamlitative cotiparisons; between
apply to tests (lf these type's imr(- considered, it is star- propellers of tmot toon dissiiilmir design. F'or this plir-
prisitag how well Ib lit' mmd dmo e iss work. F'rotm flti pat', sitmlle stimtic ti'st mamy reiilae ft- 'tmore comali-
pre'cedinmg tli-cussion, ,it mm ipt'irs tlinmt thle imetlits shldmi camltedl atitl immtre exitls'msi vi willil lmmmtel tt .It is
iapply with better auccuraicy to tests where ii spitnter wais timdIitted thait time evidemce umpoti %%hicm time coaclumsiflim
itsedf to cover tiii thle hllb amndu it least pairt of tit' cvi- in this sectio tire iaiet is insufficient to Ih' entirely
indrical hlailt shanks. liesuilt-i fronmt wind-tuime conclumsive.
tests of time present propelle'rs imnd nacelle with mm spitnner Comparisons of static-test polars.- Staitic-test Isulirs
were mivimlihie froni reference Ii. F~igumre 33: shows time cin uandoubedly hs' uisedt in comat~iriimg propellers itle-
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tical i every respiet except atirfoil sectiona. Sucha if .36 -

comnparison fhams liven isiade in figure- 34. This figdre
confirni- the( insformations given in figure 28 thait tle 3
sections wihel tire best 1106gih angles of attack (take- 2-0love popeller -WO5-R6
off range) are- liiret, tiat low aingles of attack (peak 662&3-8~ ~-
efficiuncy, htigh-spieed4 range). Thlt propeller with thei {----

Clark Y setion appeasrs to hef as goods ('olnproiist-.
A comupasrison of timestamtie-tesi polamr. for time, 3-hliade

propeller 5M;8~ R6I anuda tilte 2-hhsde propeller 37 36147, .' - -- -

having the saine solidity, is givenm in fig~re 35. Appair.
ently, there. it, little to chloose between time two aslt6ougm, 2 - -- -4-
When thle itioL555 sare 'on~verted tAt "uind- .%Utnnel' pro- j -

- p~leller tlium, tlt- (aolsteim facetor will favor thle 3-bhsdle C4 --

p~ropeller and14 tit( 3-blade, propeller may thena, its intuh- .16 ----

exted in referenice K, heave as higher pesak efficieuncy thamn ---- - -

- tile 2-blade Jprolieller. 4L
Tile sitagle-pfoint amethias of obtasining airfoil csasruic-I

teristics front static tests aias he useful in studying thle --- -- - t! -

effects of compressibility. iml indlicaitions of thet uisa of *o-------08
tile mledtho in, this consnection is given ill figure Id
which, sas previosasl v explasined, shows ltme vasriamtion
with tip sis'4'a of ' a', (,,ndl(, for onst( bladel .04---

angle.

0 .e 4 5 8 /0 2 1

- Vie.;- , I i l'~Re 4 '..mmurimm tit imotal obtidndfront, gataw 5mat % thIfrm 2-tml pie 1W

fx WW tef. IS-- f wimtiwikenarowm

- - .btoc IeVSs. .3-b/ode oropvll&- -1e8d9 ? -b/ode propeller 5mR

-.....---

C'..

T_____________ .oe0-.8

0 .2 40 60 82 1C '

I. Tilt- slttia'-t hrast antmi timt- sta Iic-limlvar caoftacientm 1
for lime ;)ralmellers of tlma- pretaiit tests vaariedl conasidler- ~a~a a~siImri.fl aling theagw fvitur~aou., t~~ I*,n.t.
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ably with tip speed in the blade-angle range from 50 research for establishing the absolute valuie% of p)ro-
to 17)3O at 0.75R1. Above the stall, no consistent varia- peller coefficients
tion of these coefficients with tip speed was noted.

2. Diecrease of the ratio Cr1/Cp with tip speedl was
most marked for propellers having R. A. F. 6 airfoil LANGLEY NIEMUORM. AERIONAUTIC*AL LABIORATORIY,
sections, Iteat marked for the' propeller with N. A. C. A. NATIONAL Anvisotty ('ommiTTE voit AcitoNAI'TIVS,
240G-34 series sections, and miore marked for 2-blade LANGLEY FimI.o, VA., Juiiaqir 47,139
than for 3-blade propellers.

3. Although the effect of conapre-ssibihity on lhe -REFERENCES
2-blade propeller 51410% H6i was very marked, the effect, 1. Dlil, WAalter S.: 'la. t'aicuiatioa, or Taka*-0T 111111. *1. It.

on another propeller situilar lin every respiect except for --: Na.. 450, N. A. C. A., 11332. ofArlai. ujl..
a 50perentittrcut- ii bitte wtit wassmal. _2.Diljla Walter S.: Static Tirutto rpaePulec:,

a 50perent ncrase ii hadewidh wa smll.T. It. No. 417, N. A. C. A., 11332.
- . 4. The propellers that reached the highest values of 3. Ellot, Louis If.: soiat Full SIcale Sltlk PropaelIer Ch~aracte'r-

- r/ , P/' at haigh [)ladte angles reatchied the lowest values . inties. Jouar. Acro. Soi.. vol. 5. no. I, Nov~. 11137,1)pp. 25 2N.

at low blade angles. This fact indicatris that, for the 4. Luck, C. N. If.: A (.raijieal NMatlia~d of ('alcalatisig the(

propellers tested, the ones which have the highest pea1k '_Perforanace of ala Airscacw. It. & At .No. 1675. Biritish
efficincy wll ha ye th Issaest tke-offcflkizacv.A. It.jsIk V.,ulta~i. 1935.

efficieny will ave the oorest ake-ofr flicieny. 5 I rimts, Ivana If.: Similfid rive crtlilo.oi.
S. The single-point an *ethaid of calculating airfoil Aeru. Sei., vol. 3, itu. 0, Jaai*v 1113h, ill. 33-4-344.

coefficients from winal-tinel propieller data. was not 6. hierimAaa, David.,sanal flartima111, EMviii P'.: Test. oif Five

particularly successful faor thme lrirat propellers except Full-scale' Praqsellersa inl Ill. Pricmtea of aa Itadial anda a

w reaiazrcoeetathahu adprtfte Laaquidl.(olat Ellain,. Nacelle, hIcludin~g Tes~t. of Two
longe acylinrc veede upaaks th uSn ato hpimaaers. T. It. No. 6-12. N. A. C. A., 193S.

lon cyindica blde hutks.7. icrain D avid, still ilart ioaa, El-uii P'. : Tbsa Effact o

6. The %ingle-pioist tuethodl of calculating airfoil Colin-itsfilility on E~ighat Fuall-Sal.ir raopllirs t13aratialg
cliaracterist icA dfidl ii e file, samein coa'flicicaat. whmen ill 11. 'Iaki..( IC and Ci (iji.,g lilaa. T. It. No.. 6391.
applied to Woth static-test a1a11l witad-tuantel-test 4daut4a. N. A. C. A., 2113K8.

7. Whsereas4 fill- iiagl'-poiat aaetlaod should hie of S. an niaii, IEdwiei 1.. stal jlwrinao, ag.IIvid,: Thew Atiil-
much ylta.'fair t alass Imat ai;15'ar aisic Chazei~ttristia's of Fialt-Scalv Proma'lle. liviaa 2. 3,

mc atefrcomaing propiellers, it(t otslcr awl I1 Iliad,...it Cl (ark Ya sal It. A. F. 6 Airfoil $eectio..

likely that this amethaod will displace winad-tuaaniel 1'. It. No,. 640. N. A. C. A., 11138.
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